SNPs have different effects on ncRNAs and mi/snoRNAs
Supplementary figure 1 shows the relative entropy distribution for SNPs in 5'UTR, ncRNA, and mi/snoRNA. We observe that snoRNA and miRNA structures have the smallest response to mutations. Although snoRNAs and miRNAs have functional structures, their structures are relatively small and simple. As a result SNPs in sno/miRNAs have lower relative entropy values. 2 Disease-associated SNPs in 5'UTR that change RNA secondary structure
Upstream Open Reading Frames. uORFs are very short open reading frames located upstream of mRNA codon regions. uORFs were detected in about 36% of human genes, and they are often involved in critical cellular roles [5] . Translation is initiated after the small subunit of the ribosome binds met-tRNA at the 5' end of mRNA scans the 5'UTR until it encounters the first AUG codon. can occur only if there is enough time and distance for the scanning ribosome subunit to pick up Met-tRNA before arriving at the next AUG. Thus, slow elongation through the uORF, which can be the result of a nearby base-paired structure reduces the efficiency of reinitiation [6] . In this case, ribosomes stalled during translation of the uORF block the access of scanning ribosomes to the actual start codon. The LDLR (low density lipoprotein receptor) gene produces receptor proteins which bind to particles called low-density lipoproteins (LDLs) and transport them into the cell. The LDLs are the major carriers of cholesterol. The protein is involved in balancing the amount of cholesterol in the blood. Mutations in the LDLR gene cause the autosomal dominant disorder, familial hypercholesterolemia (FH). There are 16 mutations that are associated with this disease located in the 5'UTR of LDLR, which has a uORF region. Some of these mutations can cause the disease by altering the uORF. rmuRNA predicts that one third of these mutations should have a significant effect on RNA secondary structure. SNPfold predicts that for only one mutation.
Internal Ribosome Entry Site. Internal initiation is an alternative mechanism of translation initiation that does not require the ribosome to start scanning from the 5' end of the mRNA cap until the start codon. The ribosome enters the start codon by the IRES, a secondary structure element that provides a convenient initiation. A number of viral and cellular mRNAs with important functions such as cell growth and differentiation have been reported to contain IRESs [2] .
Vascular endothelial growth factor (VEGF), the major angiogenic growth factor, has two IRES elements in its long 5'UTR. The common C398G mutation, located in the IRES element A of the gene, is known to be associated with diabetic retinopathy [1] . remuRNA returns a significant relative entropy for this mutation that confirms that it changes IRES structure and therefore functionality. In contrast, SNPfold does not capture any significant changes in structure caused by the C398G mutation.
Iron Responsive Element. The Iron responsive element (IRE) is a short and highly conserved stem-loop motif that is present in 5' or 3' UTRs of various mRNAs. When iron concentration is low, the iron-regulatory protein (IRP) binds to the IRE and blocks translation. When iron concentration is high, iron is bound to the IRP; the FeS-IRP is then unable to bind to the IRE and translation proceeds normally. Thus IRE-IRP interaction controls iron metabolism through regulating translation initiation and mRNA stability.
Hereditary hyperferritinemia-cataract syndrome (HHCS) is a genetic disease characterized by the early onset of cataracts. HHCS is caused by mutations in the 5'UTR of the ferritin light chain (FTL) gene. The mutations inhibit IRE-IRP interaction and result in uncontrolled ferritin production. In fact there is correlation between the position of mutation in the IRE and HHCS severity [3, 4] . Our method shows significant alteration of the RNA structure Boltzmann distribution for five SNPs located in the IRE.
The C105T mutation in the 5'UTR of the ALAS2 gene is reported to be associated with severe clinical iron overload [7] . The mutation is located in the IRE, only 3 nucleotides away from the conserved loop. While remuRNA computes a high relative entropy for the C105T mutation, SNPfold does not predict any significant structural changes.
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